Osteochondral lesions of the tibial plafond (OLTP) are rare disorder compared with osteochondral lesions of the talus (OLT), and its frequency is 2.6% of osteochondral lesions of the ankle.[@bib1] Tibial plafond has the following anatomical characteristics that lead resistance to cartilage damage: tibial cartilage is stiffer and thicker than talar cartilage,[@bib2], [@bib3] and there is a stable concave shape of the articular surface of the distal tibia. When left untreated, however, osteochondral lesions can further degrade and potentially lead to osteoarthritis, making repair of the lesion site necessary.[@bib4]

On the other hand, treatment guidelines and prognostic indications have not been established for OLTP, unlike OLT, probably because of their infrequent occurrence. The occurrence frequency of each part of the OLTP is the highest in the medical center; the second is the medial posterior.[@bib5] One cause of difficulty in surgical treatment is that these sites are difficult to approach during surgery.

The ideal treatment for OLTP is to restore 2 different bone and cartilage tissues simultaneously, but this has not yet been achieved. In this report, we introduce a technique of arthroscopic antegrade cancellous bone autotransplantation as a solution for this issue.

Surgical Technique {#sec1}
==================

Preoperative Planning and Patient Setup {#sec1.1}
---------------------------------------

Preoperative magnetic resonance imaging (MRI) is assessed to define the location and extent of the lesion ([Fig 1](#fig1){ref-type="fig"}). The patient is placed in a supine position under general or spinal anesthesia. The patient\'s lower leg is placed on a pillow, and the side plate is placed on the outer side of the thigh so that the anterior aspect of the patella and ankle face upward ([Fig 2](#fig2){ref-type="fig"}A). A tourniquet is placed around the thigh and inflated with a pressure of 250 mm Hg. A noninvasive ankle distractor (Arthrex ankle distraction strap) is attached to the ankle, and a band is wrapped around the waist; the joint space is then spread by applying the traction force through the strap ([Fig 2](#fig2){ref-type="fig"}B).Fig 1Preoperative T1-weighted image of the right ankle. The preoperative identification of the lesion area is important for graft design. The low signal intensity on T1-weighted image indicates bone erosion, reflecting the extent of the lesion. (A) Coronal section: the width and the depth of the lesion is measured (white arrow). (B) Sagittal section: the anteroposterior diameter and the depth of the lesion is measured (white arrow).Fig 2The patient is in the supine position. (A) A pillow is placed under the right leg to allow ankle maneuvers, and the side plate (white arrow) is placed on the outer side of the thigh so that the patella and the anterior aspect of the ankle face upward. (B) A noninvasive ankle distractor (white arrow) is attached to the right ankle, and a band (black arrow) is wrapped around the waist, then the joint space is spread by applying the traction force through the strap.

Portal Placement {#sec1.2}
----------------

The anteromedial portal is created just medial to the tibialis anterior tendon at the joint line. The anterolateral portal is created just lateral to the peroneus tertius tendon. A blunt trocar (Stryker 3.2-mm Speed-Lock Cannula, J-Lock Obturator Blunt Chip) is introduced, and the arthroscope camera (Stryker 2.7-mm 30-Degree Ideal Eyes HD Arthroscope) follows. Lactated Ringer\'s irrigation (Baxter Arthromatic) is used for reflux of the joint.

Diagnostic Arthroscopy {#sec1.3}
----------------------

A thorough evaluation of the joint is performed to see if there are associated pathologies, such as ligament injuries, impingement, or synovial hypertrophy ([Fig 3](#fig3){ref-type="fig"}A). Accompanying pathologies must be treated in the same surgery to prevent negative effects on healing. Synovial hypertrophy often needs to be removed using an arthroscopic shaver or radiofrequency device (Stryker 3.5-mm Small-Joint Full Radius Cutter, 2.5-mm Micro-Brush SERFAS Energy Small-Joint Probe). Evaluation of articular cartilage is done first visually to ascertain change of color tone and configuration of the articular surface. Subsequently, the degree of softening and the extent of the lesion are evaluated with a probe ([Fig 3](#fig3){ref-type="fig"}B; [Video 1](#appsec1){ref-type="sec"}).Fig 3With the patient supine and the arthroscope in the anteromedial portal of the right ankle, (A) the joint space between the tibia (superior) and talus (inferior) is appreciated with inflamed synovium (white arrow). (B) Fibrillation is observed on the surface of the lesion and a step is found at the boundary with the normal site (black arrow).

Debridement {#sec1.4}
-----------

Several angled curettes are used to remove osteochondral lesions. Because the stiffness of both cartilage and subchondral bone is deteriorated, the boundary between the normal site and the lesion can be easily separated with curettes ([Fig 4](#fig4){ref-type="fig"}A; [Video 1](#appsec1){ref-type="sec"}). The lesions are finally debrided by arthroscopic shaver to remove the remaining damaged cartilage and smoothen the surface of the subchondral bone ([Fig 4](#fig4){ref-type="fig"}B). After the debridement process, the whole surfaces are re-evaluated with a probe to ensure that they are stable without loose cartilage and necrotic subchondral bone tissue.Fig 4With the patient supine and the arthroscope in the anterolateral portal of the right ankle, (A) a small curette is introduced through the anteromedial portal and used to remove the unstable cartilage and bone. (B) After the osteochondral lesion is completely debrided, a large osteochondral defect is observed.

Microfracture {#sec1.5}
-------------

Several angled microfracture picks (Smith & Nephew Small-Joint Microfracture Pick) are used to create several small holes onto the underlying intact subchondral bone. Holes are created 3-mm apart from each other and are perpendicular to the subchondral bone ([Fig 5](#fig5){ref-type="fig"}A; [Video 1](#appsec1){ref-type="sec"}). After creating the final pick hole, fat droplets and sufficient bleeding are observed from the holes under released water pressure ([Fig 5](#fig5){ref-type="fig"}B; [Video 1](#appsec1){ref-type="sec"}).Fig 5With the patient supine and the arthroscope in the anterolateral portal of the right ankle, (A) a microfracture pick (black arrow) is introduced through the anteromedial portal and used to create several small holes into the underlying intact subchondral bone. (B) The water pressure is released, and good bleeding is observed from the microfracture holes (white arrow).

Bone Harvest {#sec1.6}
------------

An approximately 3-cm skin incision is made 3 cm above the anterior superior iliac spine along the iliac crest. The subcutaneous tissue is retracted laterally, and the periosteum is elevated subperiosteally with a periosteal elevator. Depending on the size of the lesion, a bone cylinder is extracted with 20-mm length and 6- to 10-mm diameter using the Osteochondral Autograft Transfer System (Arthrex) ([Fig 6](#fig6){ref-type="fig"}A). Once the desired amount of graft is harvested, the cortical bone piece is returned to its original site, and the wound is closed layer by layer ([Fig 6](#fig6){ref-type="fig"}B).Fig 6Iliac bone harvest from the right side. (A) Using the osteochondral autograft transfer system, a bone cylinder is extracted from 3 cm above the anterior superior iliac spine along the iliac crest of the affected side. (B) Cortical bone piece is returned to its original site because only the cancellous element of the bone is needed.

Bone Preparation {#sec1.7}
----------------

Only the cancellous element of the bone cylinder is trimmed according to the opening diameter of the lesion measured before surgery for superficial layer transplantation. Because the thickness of the graft needs to be smaller than the joint space, it is necessary to set it within 15 mm. The rest of the cancellous bone is fragmented with bone rongeur for deep layer transplantation ([Fig 7](#fig7){ref-type="fig"}).Fig 7The harvested bone cylinder is formed in 2 ways. One is the block bone with the same opening diameter of the lesion for superficial layer transplantation (white circle), and the others are fragmented bones for deep layer transplantation (black circle).

Bone Transplantation {#sec1.8}
--------------------

Small fragmented bones are gradually inserted into the deep layer of the osteochondral defect through a thick cannula (Stryker 5.0-mm Speed-Lock Cannula, Obturator Blunt Chip) in a state in which the reflux is stopped so that they are not scattered ([Fig 8](#fig8){ref-type="fig"}A). The reflex is resumed temporarily to secure a field of view. After stopping the reflux again, while holding the large bone block with grasping forceps, it is inserted into the joint and advanced to the aperture of the lesion ([Fig 8](#fig8){ref-type="fig"}B). The protruded part of the bone is further inserted until fitting the normal joint surface using an elevator ([Figs 8](#fig8){ref-type="fig"}C, [9](#fig9){ref-type="fig"}, and [10](#fig10){ref-type="fig"}; [Video 1](#appsec1){ref-type="sec"}).Fig 8Patient is supine and the arthroscope is in the anterolateral portal of the right ankle. (A) The deep layer of the osteochondral defect is filled with fragmented bones. The bones are introduced through the anteromedial portal close to the aperture of the defect using a thick cannula and are advanced as deep as possible with small grasping forceps. (B) The large bone block is introduced through the anteromedial portal with large grasping forceps and is fitted to the aperture. (C) The osteochondral defect is completely filled with bone, and the surface of the lesion corresponds to the normal joint surface.Fig 9Sham of the surgical technique (right ankle). A large bone block cannot fill the deep layer of the lesion, so small fragments are used not to leave the defect. Deviation of the transplanted bone is prevented by filling the superficial layer of the lesion with a large bone block like a plug, but it is necessary to make the size of the bone fragment smaller than the joint space.Fig 10Coronal images of the right ankle. (A) Preoperative: multiple bony cysts are recognized in the subchondral layer (white circle). (B) Postoperative: the subchondral layer is sufficiently replaced with bone tissue (white circle).

Closure and Casting {#sec1.9}
-------------------

The skin is closed with superficial No. 4-0 nylon horizontal mattress sutures. Wounds are covered with dry sterile dressings, and a short-leg well-padded fiberglass cast in the neutral ankle position is applied to restrict motion. The pearls/pitfalls of this technique are listed in [Table 1](#tbl1){ref-type="table"}.Table 1Pearls and Pitfalls of Arthroscopic Antegrade Cancellous Bone Autotransplantation for Osteochondral Lesions of the Tibial PlafondPearls Preoperative evaluation by magnetic resonance imaging is important to prepare a block bone according to the opening diameter of the lesion. Strong angled curettes and picks are useful in the case of deep lesion. Because the arthroscopic and the bone transplantation operations need to be performed simultaneously, an expert assistant is required.Pitfalls Surgical difficulty can increase in cases of stiff ankle where joint space does not open sufficiently. In cases in which the width of the Iliac crest is small, harvesting a bone cylinder with a large opening diameter can be difficult.

Postoperative Course {#sec1.10}
--------------------

The patient continues to non-weightbearing with a short-leg cast for 3 weeks. After 3 weeks, the cast is removed, and range of motion exercises and partial weight bearing are initiated gradually. Full weightbearing is permitted after 6 weeks. The patient is allowed to start low-intensity sports activities at 3 months and high-intensity sports activities at 4 to 5 months.

Discussion {#sec2}
==========

Surgical treatment of OLTP, including debridement, curettage, transmalleolar drilling, abrasion arthroplasty, and microfracture, have been reported, but most of the reports have low levels of evidence and express concern for the arthroscopic surgery because of difficulty in approaching to the lesion by open surgery. There are only 3 case series in which OLTP have been reported and only 2 series in which the outcomes of microfracture have been specifically reported.[@bib6], [@bib7] Microfracture is a first-line procedure for OLTP based on its facile technique and good clinical outcomes in OLT, but the repair tissue was inferior to normal hyaline cartilage, and both functional and MRI outcomes may deteriorate with increasing age. MRI outcomes also seem to deteriorate with increasing lesion area.[@bib7]

The reports of new attempts are as follows: bone marrow--derived cell transplantation,[@bib8] micronized allograft cartilage matrix transplantation,[@bib9] and bone marrow aspirate concentrate combined with biologic scaffold transplantation.[@bib10] These techniques have satisfactory clinical results but they are still under development because long-term and high-evidence studies are required.

Osteochondral lesions can be restored simultaneously to the normal bone and cartilage tissues only by osteochondral autotransplantation. There is a case report of retrograde osteochondral autotransplantation for OLTP[@bib11]; however, this technique has not only a fundamental problem of the difference in the properties of cartilage between the donor and recipient sites, but also there are difficulties in approaching the posterior lesion and invasion to the normal site.

In terms of cancellous bone transplantation, which is an isolated repair of bone tissue, there are reports with regard to OLT; bone transplantation is better than curettage plus drilling in long-term clinical results,[@bib12] bone transplantation alone is not recommended for the patient with advanced lesion with lack of overlying cartilage,[@bib13] and platelet-rich plasma scaffold with bone transplantation may achieve acceptable short-term outcomes.[@bib14] In a report of arthroscopic retrograde cancellous bone transplantation for an advanced lesion of OLTP, the cartilage defect was completely covered with cartilage-like tissue.[@bib15] From the information provided here, cancellous bone transplantation is currently a controversial technique.

The ideal treatment for OLTP is to restore 2 different bone and cartilage tissues simultaneously, but this is not currently achievable. With this technique, fibrocartilage regeneration can be expected for cartilaginous lesion while bony lesion is replaced with the normal bone. The greatest advantage of this technique is that the osteochondral lesions can be restored simultaneously. Moreover, it is a useful technique because it completes the whole procedure arthroscopically without invasion of the normal site ([Table 2](#tbl2){ref-type="table"}). Finally, leakage of the fragmented bones into the joint during surgery and bone resorption of the transplanted bones in the postoperative course are risks of this technique, and there are limits in indication for the lesions larger than the joint space diameter.Table 2Advantages and Disadvantages of Arthroscopic Antegrade Cancellous Bone Autotransplantation for Osteochondral Lesions of the Tibial PlafondAdvantages Bony and cartilaginous lesions can be restored simultaneously. Bony lesion is replaced with normal bone. Fibrocartilage regeneration can be expected for cartilaginous lesion. Any part of the articular surface can be approached. No osteotomy is required for approach.Disadvantages Cartilaginous lesion is not be replaced with hyaline cartilage. Arthroscopic learning skills are required. Multiple pieces of equipment need to be prepared.

Supplementary Data {#appsec1}
==================

Video 1With the patient supine and the arthroscope in the anteromedial portal of the right ankle. Fibrillation and fissure are observed on the surface of the lesion, a step is found at the boundary with the normal site. The portal has been changed to anterolateral of the right ankle. Several angled curettes are used to remove the unstable cartilage and bone. The weak curved 1 is for superficial layer, and the strong curved 1 is for deep layer. Microfracture picks are used to create holes onto the subchondral bone. Holes are created 3-mm apart from each other and are perpendicular to the subchondral bone. After creating the holes, fat droplets and bleeding are observed under released water pressure. Once arthroscopic process is interrupted, a bone cylinder is extracted from iliac crest of the affected side. Cortical bone piece is returned to its original site. Cancellous bone is formed in 2 ways. One is the block bone for the superficial layer and the other is fragmented bones in the deep layer. When arthroscopic viewing is resumed, blood clot is confirmed within the osteochondral defect. The fragmented bones are introduced using a cannula and are advanced as deeply as possible with grasping forceps. The block bone is introduced with grasping forceps and fitted to the aperture of the osteochondral defect.The protruded part of the bone is further inserted until it fits the normal joint surface using an elevator. The osteochondral defect is completely filled with bone, and the surface of the lesion corresponds to the normal joint surface. On postoperative computed tomography, the subchondral layer is replaced with bone tissue.ICMJE author disclosure formsData Profile
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